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Objective 
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Changing	the	parameters	of	a	simulated	OLED	
and	analyzing	the	effects	of	these	changes	on	

OLED	emission	pa=erns.		
	

The	results	of	this	study	provide	a	template	for	
a	potenAal	OLED	with	enhanced	color-

brilliance	and	brightness.	
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•  Results	and	Conclusion	



Light-Emitting Diode (LED) 
An	electronic	device	that	emits	light	when	an	

electrical	current	is	applied	to	it.	

Organic 
A	compound	that	is	carbon-based.		
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What is an OLED? 



What is an OLED? 

An	area	light	source	that	contains	layers	of	thin,	
flexible	sheets	of	organic	electroluminescent	material.	
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h=p://www.osadirect.com/staAc/img/news/img20130708lgchem01.jpg	
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h=p://assets.inhabitat.com/wp-content/blogs.dir/1/files/2011/09/UD-OLED2.jpg	

What is an OLED? 
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Incandescent	lamp	 	 					17.5	lm/W 		0.9	years	

Linear	fluorescent	lamp 																	67-110	lm/W 		5.0	years		
Compact	fluorescent	lamp			 			49-75	lm/W 		7.3	years	

Light-EmiHng	Diode 												up	to	140	lm/W									13.7	years	
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Organic	Light-EmiHng	Diode 						120	lm/W									36.5	years	
Lifespan	found	from	GE	60W	bulbs	calculated	for	3	hrs/day		

LifeAme	Efficiency	



OLEDs   vs.    LEDs 

•  OLEDs	are	area	sources	
•  Small	enough	to	be	used	as	

pixels	in	a	display	
•  Modern	displays	can	be	less	

than	1mm	thick	and	weigh	
less	than	4.5	lbs	

•  Can	be	made	flexible	

•  LEDs	are	point	sources	
•  Used	to	backlight	LCD	TVs	
•  Modern	displays	can	be	less	

than	1.5	inches	thick	and	
weigh	less	than	35	lbs	

•  Encased	in	epoxy	(plasAc	
capsule)	
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h=p://www.noguge.com/thumbnail/l/led-
lights-8.jpeg	

h=ps://upload.wikimedia.org/wikipedia/
commons/f/f2/OLED_EarlyProduct.JPG	



•  1960:	MarAn	Pope	developed	a	technique	to	connect	an	
electric	current	to	organic	crystals.		

•  1987:	Ching	W.	Tang	and	Steven	Van	Slyke	at	Eastman	
Kodak	reported	the	first	small-molecule	OLED	device.	

History of OLEDs 
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h=p://i2.wp.com/www.stevehuffphoto.com/
wp-content/uploads/2012/01/kodak-logo.jpg	h=ps://upload.wikimedia.org/wikipedia/

commons/a/aa/MarAn_Pope.jpg	

•  1950’s:	André	Bernanose	observed	electroluminescence	
in	organic	materials.		

h=p://blog.virginiatoy.com/wp-content/uploads/
2013/09/EDC-GlowsAcks.jpg	



•  In	2003,	Kodak	began	integraAng	OLED	technology	with	
their	digital	cameras.	

•  In	2007,	Sony	announced	the	XEL-1,	the	first	OLED	TV.	

•  In	2015,	LG	unveiled	the	world's	thinnest	OLED	TV.		

Commercialization of OLEDs 
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h=p://cdn.itechnews.net/wp-content/
uploads/2009/01/sony-bravia-xel-1-ultra-

slim-oled-tv.jpg	

h=p://h=p://img.tomshardware.com/de/
2003/08/08/

fotokuenstler_bis_5_megapixel_16_digitalkam
eras_im_fokus/kodak_d01.jpg	

h=p://h=p://www.techbel3arabi.com/wp-
content/uploads/2015/05/lg-wallpaper-tv.jpg	



CATHODE	

EMISSIVE	LAYER	

CONDUCTIVE	LAYER	

ANODE	

SUBSTRATE	

How does an OLED work? 
•  PotenAal	difference	is	

applied	to	the	two	
electrodes.	

•  Electrons	travel	from	
cathode	to	anode.	

•  Holes	recombine	with	
the	electrons	in	the	
emissive	layer.		

•  Energy	is	released	as	light	
and	directed	towards	the	
substrate.	
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Refractive Index 
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h=ps://d2jmvrsizmvf4x.cloudfront.net/if5aenByR5yU8Nm5WsXF_refracAon.jpg	

High	Index	

Low	Index	

•  Property	of	materials	

•  Defined	as	𝑛= 𝑐/𝑣 	

•  Used	to	determine	
values	such	as	
incident	angle	of	the	
m↑𝑡ℎ 	layer	



Adding Microcavities and DBRs 

Produces	standing	waves	
using	phase	change	
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Creates	standing	waves	
that	amplify	the	light	

Microcavity	

DBR	
h=ps://upload.wikimedia.org/wikipedia/commons/3/30/ParAal_transmi=ance.gif	

High	Index	Low	Index	

"Microdisplays	Based	upon	Organic	Light-emiHng	Diodes."	IBM	Journal	of	Research	and	Development	



Nine-Step Algorithm 
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Outer	loop	for	Incident	angles	
(	-90	degrees	<	q	<	90	degrees	)	

CalculaCng	Refracted	angles	
and	Layers	thickness	

Inner	loop	for	Wavelength	
(Bragg	wavelength	+/-	180)	

CalculaCng	the	OpCcal	admiMance	

CompuCng	the	TransmiOvity	and	
ReflecCvity	values	

CalculaCng	Phase	factor	and	
CharacterisCc	Matrix	

Graphs	

User	input	values	

ConverCng	values	for	calculaCon	

OLED	with	DBRs	
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Validity of Code 
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Liddell,	Heather	Mary.,	and	H.	G.	Jerrard.	"Periodic	MulAlayers	and	the	Classical	Stack."	Computer-
aided	Techniques	for	the	Design	of	MulAlayer	Filters.	Bristol:	A.	Hilger,	1981.	14-18.	Print.	
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Approach 
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OLED	with	DBRs	and	a	microcavity	
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•  Goals:	
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•  Parametric	study	

1.  Maximum	transmission	
at	Bragg	wavelength	

2.  Maximum	reflecAon	at	
surrounding	wavelengths		

•  Focus	on	small	bandwidth	

•  𝑅+𝑇=1	
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Results 
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Changing	the	number	of	DBR	stacks	above	and	below	the	
cavity	affects	transmission.	
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Changing	the	substrate	index	affects	maximum	
transmission.		

Before After 

High	Index	 Low	Index	
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Changing	the	cavity	index	affects	reflecAon	pa=erns.	
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Changing	the	length	of	the	microcavity	affects	
transmission	at	the	Bragg	wavelength.	

Before After 

1/8 	Bragg	wavelength	 1/2 	Bragg	
Wavelength	



Equal	DBR	stacks	above	
and	below	cavity.	

Substrate	refracAve	index	
close	to	1.0	(vacuum).	

Cavity	refracAve	index	close	
to	integer.	

Cavity	length	of		1/2  or	 1/4 	the		
Bragg	wavelength.	

Conclusion 
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Final 
For	Maximum	Transmission:	
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Organic Light-Emitting Diodes	
ADVANTAGE

S 
•  Energy	efficient	
•  Environmentally	friendly	
•  Does	not	emit	heat	or	UV	

rays	
•  Closest	light	source	to	

natural	light	
•  Thinner	and	lighter	than	

other	light	sources	
•  Cost	decrease	predicted	to	

occur	in	the	next	5	years	
•  Can	be	produced	as	large	

sheets	
•  Truer	blacks	and	be=er	

contrast	on	displays	
27	

•  Efficiency	is	sAll	low	
compared	to	LED	efficiency	

•  Blue	OLED	lifeAme	is	much	
shorter	than	the	red	and	
green		

•  The	cost	to	manufacture	is	
currently	expensive	

•  SensiAve	to	water	and	UV	
rays	

DISADVANTAGE
S 



Potential OLED Applications	

hMp://www.demilked.com/magazine/wp-content/uploads/2014/10/windowless-
passenger-plane-oled-touchscreen-walls-cpi-6.jpg	

h=p://www.ledsmagazine.com/content/dam/leds/
migrated/objects/news/6/7/10/GECIA_Clothes.jpg	

h=p://www.superimaging.com/img/hud1.jpg	
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h=p://www.rkm.com.au/ANIMATIONS/animaAon-graphics/circuit-diagram.jpg	

•  PotenAal	difference	
(voltage)	creates	a	push	

•  Current	flows	through	
circuit	

•  Resistance	restricts	flow	

•  Direct	current	and	
alternaAng	current	

Main Menu 



Semiconductors 
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h=p://lubricaAontechnology.com/uploads/images/pageimages/semiconductor.png	

•  ConducAvity	increases	with	
temperature.	

•  Allows	for	greater	control	of	
current.	

•  Used	in	transistors,	diodes,	
microprocessors.	

•  Usually	Silicon	and	
Germanium	

Main Menu 
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P-N Junction 
P	Material	

•  Semiconductor	
doped	with	an	
impurity	that	has	
fewer	valence	
electrons	

•  The	missing	
electron	leaves	a	
posiCvely-charged	
"hole"	

N	Material	

•  Semiconductor	
doped	with	an	
impurity	that	has	
extra	valence	
electrons	

•  Extra	electrons	can	
move	freely	and	
conduct	electricity	

	

Main Menu 
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Diffusion	

Driw	
Movement	of	

electrons	due	to	an	
electric	potenAal	

(current)	

Random	movement	of	
electrons	to	fill	an	enAre	

space	(no	current)	

P-N Junction 

Main Menu 
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•  works	with	dri`	
to	decrease	the	
depleCon	zone	

•  negaCve	
current	pushes	
electrons	
across		

•  current	created	

Forward	Bias	 Reverse	Bias	

•  works	against	
dri`	and	with	
diffusion	

•  increases	the	
depleCon	zone		

•  negligible	
current	

Current	can	only	flow	in	one	direcCon.	

circuitstoday.com/pn-juncAon-diode-characterisAcs	

P-N Junction 

Main Menu 
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CATHODE	

EMISSIVE	LAYER	

CONDUCTIVE	LAYER	

ANODE	

SUBSTRATE	

Basic OLED Structure 

•  Invented	by	Kodak	in	1987	

•  Only	two	layers	between	
cathode	and	anode.	

Main Menu 



Cathode and Anode 
•  Cathode:	Electrode	that	receives	electrons	when	

connected	to	a	power	source	

CATHODE	

ANODE	

•  Anode:	Electrode	that	
loses	electrons	(or	
“receives	holes”)	

•  Owen	transparent	and	
made	of	indium	An	
oxide	(ITO)	

39	

•  Typically	a	reflecAve	metal	

Main Menu 



Emissive and Conductive Layers 

EMISSIVE	LAYER	

CONDUCTIVE	LAYER	

•  Thin	organic	material	
between	cathode	and	
anode	

40	

•  Electrons	are	transported	
to	the	emissive	layer	(ETL)	

•  “Holes”	travel	through	
conducAve	layer	(HTL)	

•  Energy	is	released	in	the	
form	of	light	

•  Electrons	and	holes	
recombine	in	the	ETL		

•  Combined	thickness:	
100-150	nanometers	

Main Menu 



SUBSTRATE	

Substrate Layer 

•  A	protecAve,	
transparent	layer	

•  Light	passes	
through	the	clear	
substrate	

41	

Main Menu 



Recombination and Excitons 

•  Electrons	and	holes	
recombine.	

•  Exciton	(electron-hole	
pair)	is	electrically	
neutral.	

•  The	recombinaAon	forms	
exciton	and	releases	light.	
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h=ps://www.solarquotes.com.au/img/solar-pv-effect3.jpg	

Main Menu 



h=p://www.planetowunes.com/sound-audio-theory/so_media/standing_waves.gif	

Microcavity 

43	

Main Menu 
h=p://www.nanowerk.com/spotlight/id25220.jpg	



Distributed Bragg Reflector 
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h=p://www.batop.de/informaAon/pictures/quarter-
wave_stack.jpg	

h=p://www.webexhibits.org/causesofcolor/images/
content/11z.jpg	



OLED Materials 
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•  Indium-An	oxide	
•  Zinc	oxide	

Anode	Emissive	Layer	 Hole	Transport	
Layer	(HTL)	

•  Tris-(8-
hydroxyquinoline)	
Aluminum	

•  Coumarin	
•  Dichloromethane	

•  Copper		
phthalocyanine	

•  Naptha	phenyl	
benzidene	

Cathode	

•  Aluminium	
•  Silver	
•  Magnesium	
•  Indium	
•  Lithium-fluoride	

Electron	Transport	
Layer	(ETL)	

•  Tris-(8-
hydroxyquinoline)	
Aluminum	



Mathematical Concepts 
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•  Necessary	in	order	to	calculate	reflecAon	and	transmission.		

•  There	is	a	characterisAc	matrix	for:	

Upper	DBR,	 𝑴↓𝑫𝑩𝑹↓𝟏  		

Characteristic Matrix 

Microcavity,	𝑴↓𝑪𝒂𝒗𝒊𝒕𝒚 	

Lower	DBR,	 𝑴↓𝑫𝑩𝑹↓𝟐  		

•  The	total	characterisAc	matrix	can	be	found	using:	

𝑴↓𝑻𝒐𝒕𝒂𝒍 = 𝑴↓𝑫𝑩𝑹↓𝟏  ∗𝑴↓𝑪𝒂𝒗𝒊𝒕𝒚 ∗𝑴↓𝑫𝑩𝑹↓𝟐  		
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Mathematical Concepts 

47	

It	is	possible	to	calculate	the	reflecAon	and	transmission,	given	by:		

•  𝑴↓𝑻𝒐𝒕𝒂𝒍 , a	2x2	matrix,	contains	real	and	imaginary	parts.		

Reflection and Transmission Equations 

•  The	top	and	bo=om	two	elements	of	the	matrix	form	two	complex	
numbers,	denoted	as	𝐵	and	𝐶,	respecAvely.		and	𝐶,	respecAvely.	,	respecAvely.	

𝑅=(𝑦↓0 ∗𝐵−𝐶/𝑦↓0 ∗𝐵+𝐶 )(𝑦↓0 ∗𝐵−𝐶/𝑦↓0 ∗𝐵+𝐶 )            𝑇= 4𝑦↓0 𝑅𝑒( 𝑦↓𝑠𝑢𝑏 )/( 𝑦↓0 ∗𝐵+𝐶) 
( 𝑦↓0 ∗𝐵+𝐶)  	
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Applying the Organic Layers 
•  Vacuum	Thermal	EvaporaAon	(VTE):	

•  Organic	molecules	are	evaporated	and	condensed.	
•  Kodak’s	original	process.	
•  Expensive	and	inefficient.	

•  Inkjet	PrinAng	
•  Materials	sprayed	directly	to	substrate.		
•  Most	efficient	and	least	expensive	applicaAon	technique.	

	

•  Organic	Vapor	Phase	DeposiAon	(OVPD)	
•  Carrier	gas	transports	evaporated	organic	molecules	
•  More	efficient	and	less	expensive.	
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Defining Parameters 

•  User	enters	properAes	
of	the	layers:	

49	

•  Convert	from	degrees	
to	radians	

Index	of	refracAon	

Number	of	layers	

Wavelength	

Angle	of	incidence	

h=p://www.schoolphysics.co.uk/age16-19/OpAcs/
RefracAon/text/RefracAon_/images/1.png	

Steps 1-2 
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Calculating Material Properties 

•  Test	all	possible	iniAal	
incident	angles		
(-90°	to	90°)	

50	

•  Find	values:	
Incident	angle	of	𝑚↑𝑡ℎ  layer,	 𝜃↓𝑚 	
Thickness	of	each	layer,	
d	OpAcal	admi=ance,	y	

Showing	how	the	light	behaves	in	the	DBR	structure	

Steps 3-5 
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Changing Wavelengths 

•  Test	visible	spectrum	with	
each	iniAal	incidence	angle	
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•  Determines	values	for:	
Phase	change,	𝛿↓𝑚 	

CharacterisAc	matrix,	 𝑀↓𝑚 	

Total	characterisAc										
matrix,	 𝑀↓𝑇 	 Showing	the	maximum	and	minimum	reflecAon	in	the	DBR	layers.	

Steps 6-7 
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Results 

•  Receive	output	when	
all	possibiliAes	have	
been	checked.	Includes:	
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•  Produce	graphs	from	
results	

Reflectance,	R	

Transmi=ance,	T	

Phase	angle,			,	between	R	and	T		

Siegfried	Dirr,	Stefan	W
iese,	Hans-Herm

ann	Johannes,	and	W
olfgang	Kow

alsky,	“O
rganic	Electro-	and	

Photolum
inescent	M

icrocavity	Devices”,	Advance	M
aterial,	10(2),	167-171,	(1998).	

Steps 8-9 
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Spectral Power Distribution 
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Black	displayed	on	an	OLED	TV	(lew)	and	LCD	TV	(right).	

h=
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e-ve-ever-tested/index.htm
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